The concentrations of sixteen trace elements were investigated and compared 27 for the first time in the digestive and excreting tissues of two Nautilus species (Cephalopoda: 28 Nautiloidea) from two geologically contrasted areas: 1) N. macromphalus from New 29 Caledonia, a region characterised by its richness in nickel ores and its lack of tectonic 30 activities and 2) N. pompilius from the Vanuatu archipelago showing high volcanic and 31 tectonic activities. In both Nautilus species, results clearly highlighted that the digestive gland 32 played a key role in the bioaccumulation and storage of Ag, Cd, Ce, Co, Cu, Fe, La, Nd, V 33
INTRODUCTION 47
seawater. This double exposure results in element accumulation in their different tissues 50 whether or not these elements are essential to the metabolism (Rainbow, 2002) . This process, 51 widely described as bioaccumulation can vary greatly according to the specificities of the 52 organisms such as age/size, sex and lifestyle, and according to the relative bioavailability of 53 the metal in diet and seawater (Rainbow and Wang, 2001 ). Comparative analysis of trace 54 element concentrations between closely related species living in different geographical areas 55
can therefore allow at assessing the influence of the environment on their bioaccumulation. 56
Among the marine species, cephalopods belong to a molluscan group comprising ca. as these organs are deeply involved in the assimilation processes, detoxification and storage 63 of both essential and non-essential metals (Miramand and Guary, 1980; Miramand and 64 concentrations close to the highest ones recorded in the other tissues. As, Cr, Mn, Ni, Pb, and 147
Se concentrations were remarkable in excreting tissues. More specifically, the renal 148 appendages exhibited the highest Mn and Se concentrations, whereas As, Ni, and Pb were 149 concentrated at similar concentrations within both renal and pericardial appendages. Finally, 150 the pericardial appendages were the major site of accumulation for Cr. 151
152

Comparison between species 153
Generally, the pattern of trace element concentrations was the same in both N. macromphalus 154 and N. pompilius tissues. However, there were few exceptions and more particularly in the 155 digestive gland: firstly, Ce, Fe, La, and Nd concentrations were significantly (P<0.05) higher 156 in N. pompilius; secondly, Cd and Cr concentrations were significantly (P<0.05) higher in N. 157 macromphalus (Table 3) . 158
In the case of the pericardial appendages, As, La, and Nd concentrations were significantly 159 higher (P<0.05) in N. pompilius (Table 3) . For the renal appendages, Cu was the only element 160 for which a significant difference was detected, N. pompilius having significantly higher 161 concentrations than N. macromphalus (Table 3) . 162
163
Relative proportion of trace elements between tissues 164
Among the three tissues considered, the digestive gland contained the largest proportions of 165 most of the trace elements with 73 to 81% of Ag, 90 to 91% of Cd, 61 to 79% of Ce, 80 to 166 86% of Co, 67 to 72% of Cu, 90 to 93% of Fe, 72 to 81% of La, 55 to 75% of Nd, 56 to 67 of 167 V, 81% to 82% of Zn in both Nautilus species (Fig. 2) . The only exception were As, Cr, Mn, 168
Ni, Se, and Pb which were mainly contained in the excreting tissues, i.e. renal and pericardial 169 appendages (Fig. 2) . The renal appendages were the major site of accumulation of Mn, Ni, 170
and Se (i.e. 74 to 89% for Mn, 49 to 54% for Ni; 61 to 73% for Se) while the pericardialconcentrations of some of the trace elements were high in the excretory organs, these tissues 173 contained in fact low amounts of metals because of their small masses. 174
175
Correlations between metals 176 Table 4 shows the correlation between trace elements within the three tissues. It is noteworthy 177 that the rare earth elements were correlated between each other within the digestive gland is therefore not surprising that they correlate to each other (Table 4) (Table 2) . Therefore, the 278 reasons of such interspecific differences in bioaccumulation, i.e. higher concentrations of 279 trace elements in one species, remain unclear whereas an absence of difference could be 280 explained by the similar physiology of these two species (Ward, 1988; Norman, 2000) . Because nautiluses are long lived animals, it would be striking to determine the influence of 291 the size/age on trace elements bioaccumulation. 292
Sources of trace elements to nautilus can be (1) seawater, as it passes through the skin and 293 through the gills during respiration, and (2) food, which is now considered as a major route 294 for metal accumulation in marine animals, including both invertebrates and fish (Koyama etspeciation in the direct environment of nautilus is a key factor to ascertain the relative 297 importance of each uptake pathways. Concerning the first pathway (i.e. seawater), further 298 aquatic toxicity studies are needed to determine the fraction of total metal dissolved in 299 seawater (the 'toxic fraction') that react with, and is transported across biological membranes 300 such as nautilus gills. Concerning the second pathway (i.e. food), our comparative analysis 301 suggested that the metal discharges due to intense mining activities conducted on land in New 302
Caledonia are not easily transferred in the food web of nautilus. Therefore, to assess the 303 impact of mining activities on cephalopods in the region of New Caledonia, further studies 304 should be conducted on more coastal species known to be resident in the impacted areas, such 305 
